






PC Serial Peripheral 
Design (4) 


By B. Kainka 





So far we have studied the characteristics of the RS-232 outputs in detail. 
Now it is the turn of the inputs. The standard demands that an input voltage 

of more than +3 V is considered as 
‘high’, while a voltage lower than 
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—3 V is considered as ‘low’. 
Between these voltages the level 
is not defined. 


Typical RS-232 interface cards use a 
type 1489 receiver (Figure 1). This 
IC requires a single 5 V power sup- 
ply. The schematic shows a simple 
switching stage consisting of three 
transistors. As can be seen, the 
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Figure |. Schematic of 1489 (source: Motorola). 
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Figure 2. Measuring the input 
thresholds. 


threshold voltage will not be very 
different from the base-emitter 
threshold of about 0.6 V. Taking into 
account the voltage divider at the 
input (consisting of a 3.8 KQ anda 
10 kQ resistor) we arrive at a figure 
of about 0.8 V. A further resistor Rp 
links the output of the second tran- 
sistor stage back to the base of the 
first, providing feedback. The circuit 
therefore behaves as a Schmitt trig- 
ger. There are therefore two switch- 
ing thresholds, one when the input 
voltage is rising and one when it is 
falling. With the input in between 
these two levels the output will 
remain in its previous state. Accord- 
ing to the datasheet the lower 
threshold for the 1489 is 1 V, while 
the higher is 1.25 V, a difference of 
0.25 V. The 1489A, in contrast, has a 
lower resistor Rp, giving thresholds 
of 1 V and 1.95 V. 
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Figure 3. Observing the state of the 
inputs. 
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Figure 4. Measuring the input current. 


Measurements 


The 1489 sets the de facto standard 
for RS-232 inputs. In modern PCs the 
receiver is normally integrated into a 
more complex IC, giving the manu- 
facturer the choice of adhering to the 
quasi-standard, or to interpret the 
RS-232 standard differently. It is 
therefore interesting to determine 
the exact behaviour of the inputs on 
a particular PC. For this, an 
adjustable voltage source is 
required: this does not mean that we 
will need a piece of laboratory equip- 
ment, since the interface itself pro- 
vides the voltages we shall need. A 
simple potentiometer suffices to help 
make our measurements (Figure 2). 


The IOTEST program from the 
first instalment of this series is used 
to make the measurements. The RTS 
signal is turned on, and the DCD sig- 
nal is monitored (Figure 3). Readings 
are taken from the voltmeter as the 
potentiometer is adjusted. The 
author's PC gave the following 
results: 

Lower threshold: 1.0 V 
Upper threshold: 2.0 V 


The input circuit in the PC is there- 
fore a 1489A rather than a 1489. 
These measurements can be 
repeated for all four inputs on the 
serial interface, and similar readings 
will be obtained. Knowing the upper 
threshold is useful for some possible 
applications. For example, it is not 
possible to detect a 1.5 V battery 
connected to an input, whereas a 
direct connection between an RS-232 
output and an RS-232 input will 





Listing I 
The Counter! program 


Dim DSRold, Counterl 


Private Sub Form Load() 
i = OPENCOM(“COM2,1200,N,8, 1”) 
If i= 0 Then 
i = OPENCOM(“”COM1,1200,N,8,1") 
Optionl.Value = True 
End If 
If i = 0 Then MsgBox (“COM 
Interface Error") 
"KID dL 
RESE 
Dik a 
Counterl = 0 
DSRold = DSR() 
Timerl.Interval = 20 
End Sub 


eriivene(ss (Selle) rimer rimer() 

DSRNew = DSR() 

If DSRNew > DSRold Then 
Counter! = Counter! + 1 
Labell.Caption = 

Str$ (Counter1) 

End If 

DSRold = DSRNew 

End Sub 


always be detected correctly. However, if an 
LED is connected, the results may be differ- 
ent: it can happen that the LED will glow, but 
the input will still read as zero. 

For some experiments it is important to know 
the input current rather than the threshold 
voltage. Here again we can make some sim- 
ple measurements (Figure 4), and, again, we 
observe a hysteresis. We measured: 

Upper threshold: 0.18 mA 

Lower threshold: 0.36 mA 


From these results we can deduce that an RS- 
232 output can easily drive, in parallel, more 
inputs than the four available. From the volt- 
ages and currents measured we can calculate 
an input resistance of 5.6 kQ. This result 
seems plausible, looking at the schematic of 
the 1489. 


An important result from these mea- 
surements is that a negative voltage is not 
required for an input to read as zero, even 
though the RS-232 standard prescribes a 
voltage below -3 V. Many experiments can 
therefore be carried out with only a single 
power supply. There may, of course, be the 
odd PC which behaves differently from our 
example. In particular, some laptops 
require negative input voltages. This must 
be taken into account in some of our 
experiments. 
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Listing 2 


Pulse counter with four inputs 


Private Sub Timeri Timer() 

DCDnew = DCD() 

DSRnew = DSR() 

CTSnew = CTS() 

RInew = RI() 

If DCDnew > DCDold Then 
Counter] = Counter1 + 1 
Labell.Caption = 

Str$(Counterl1) 

End If 

If DSRnew > DSRold Then 
Counter2 = Counter2 + 1 
Label2.Caption = 

Seno (CounterZ) 

End If 

If CTSnew > CTSold Then 
Counter3 = Counter3 + 1 
Label3.Caption = 

Str$(Counter3) 

End If 

If RInew > RIRold Then 
Counter4 = Counter4 + 1 
Label4.Caption = 


Str$(Counter4 ) 
ENGAMHE 
DCDold = DCDnew 
DSRold = DSRnew 
CTSold = CTSnew 
RIold = RInew 
End Sub 
Reading the state 


of a switch 


It is easy to use the serial interface to read 
the state of up to four switches (Figure 5). 
One output, for example DTR, is required: this 
is set high, in order to generate the required 
voltage. The switches can be connected via 
a cable of practically any length. Up to three 
typical ‘reset-switches’ can be fitted to the 
circuit board (Figure 6), in which case three 
input signals are used. 
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Figure 8. The four-way counter Counter2. 
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Figure 5. Up to four switches can be 
connected. 


Pulse counter 

Building a counter in digital hard- 
ware is a relatively complicated job. 
When a PC is available, however, it 
is easy. Here a pulse counter is con- 
structed in Visual Basic. The DSR 
signal serves as an input: a simple 
push-button can be used to provide 
pulses. Any other sensor could be 
used, as long as it can provide the 
correct voltage. 

Listing 1 shows the program 
Counter 1; the results on the screen 
are shown in Figure 7. Two global 
variables are used. DSRold stores the 
previous state of the DSR signal and 
Counter1 stores the count. The two 
variables are initialised in the first 
routine. The counter is set to zero, 
and DSRold is loaded with the state 
of the DSR signal. The outputs are 
also all turned on. This allows any of 
the outputs to be connected to the 
DSR input to provide a count signal. 

The actual counting is done in the 
timer routine. Windows calls this rou- 
tine roughly once every 20 ms. Each 
time the state of the DSR input is 
compared with the state on the pre- 
vious call. If the new state is greater 
than the old state, a change from 0 to 
1 must have happened: in other 
words, a rising edge. These edges 
are counted by incrementing the vari- 
able Counter1 by one each time. The 
value on the screen is only refreshed 
when the variable changes. 

The pulses are counted reliably 
whether the button is pressed 
rapidly or slowly, up to about 5 
pulses per second. When the pulse 
rate is faster than this, however, it 
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Figure 6. Three buttons can be fitted 
directly to the circuit board. 
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Figure 7. The Counter| program. 


will be found that some pulses may 
be missed. The exact limit depends 
on the PC. With a timer interval of 
20 ms a signal with low and high 
periods of 20 ms should theoretically 
be read correctly. A total period of 
40 ms corresponds to a frequency of 
25 Hz (25 pulses per second). How- 
ever, problems are observed at lower 
frequencies than this. From this we 
deduce that Windows cannot reli- 
ably maintain a timer interval of 
20 ms. A similar observation was 
made when we discussed the LED 
flasher program. Even with a timer 
interval of 50 ms definite irregularity 
can be seen. 
This counter program is certainly 
not the fastest possible. Further- 
more, we can easily construct a four- 
way counter, as shown in Figure 8: 
we simply need to write out the 
code four times. Each time a differ- 
ent input is read and processed. 
Listing 2 shows the modified timer 
routine. 
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